A novel four-component strategy for selective synthesis of fused azepino [5,4,3-cd] indoles and pyrazolo [3,4-b]pyridines has been established. The bond-forming efficiency, accessibility of starting materials and substrate scope provide an invaluble access to tetra-, and bis-heterocyclic scaffolds.
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The functional diverse of azepino [5,4,3-cd] indole skeletons commonly exist in natural and unnatural products; 1 they have been found in indole alkaloids, such as Aurantioclavine (I), 3 Aurantioclavines have served as key building blocks during biosynthesis of complex polycyclic alkaloids of the communesin family. 7, 8 The construction of these compounds and their structural analogues has attracted much attention in synthetic community. [1] [2] [3] [4] [5] To the best of our 20 knowledge, an effcient construction of tetracyclic azepino [5,4,3-cd] indole skeleton through sequential cyclizations via multicomponent domino reaction (MDR) has not been documented yet. [4',3':6,7] azepino [5,4,3-cd] indoles and pyrazolo [3,4-b] pyridines under microwave (MW) heating (Scheme 1). The former reaction occurred through (3+2)/(3+2+1+1) biscyclizations to give tetracyclic pyrazolo [4',3':6,7] azepino [5, 4, cd]indoles in a straightforward manner, which are normally difficult to perform in a single operation. Both 2-and 3-positions of p-toluidine 3a simultaneously served as nucleophilic centers to enable the following domino cyclizations that were rarely encountered in organic reactions. Interestingly, the direct C-C 45 formation between two electrophilic centers of arylglyoxal monohydrates can be smoothly performed through fourcomponent [3+2+1] heteroannulation without the use of any metal catalysts.
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Scheme 1 Multicomponent synthesis of compounds 4 and 5 To optimize the reaction condition, we began our examination of the reaction of 2,2-dihydroxy-1-phenylethanone (1a), 3-methyl-1-phenyl-1H-pyrazol-5-amine (2a) and p-toluidine (3a) in DMF at 100 o C ( under microwave irradiation for 15 min. The yield of product 4a was improved to 46% when temperature was increased to 115 o C (entry 13). With the above condition in hand, the generality and scope of the reaction were investigated for a range of arylglyoxal 75 monohydrates 1 and electron-rich pyrazol-5-amines 2 (Scheme 2). A variety of functional groups in substituted arylglyoxal monohydrates were found to be well tolerable under the above condition to give azepino [5,4,3-cd] indole products (4a-f); even cyclopropyl-substituted of 3-position of pyrazol-5-amines 2 can 80 be employed for this reaction. Surprisingly, when the strong electron-donating group (MeO-) was placed at C4 of phenyl ring of 1, the reaction did not give the expected azepino [5,4,3-cd] indoles; Instead, it led to formation of multifunctionalized pyrazolo [3,4-b] -toluidine (3a) to react with 1 under this system, pyrazolo [3,4-b] phenylethanone B2 were subjected to the reaction with 1a and 2a under the standard condition. The corresponding azepino [5,4,3-cd] indoles 4a and pyrazolo [3,4-b] pyridines 5b were generated in 47% and 79% yields, respectively (Scheme 5). These observations prove that the electronic effect of aromatic amines 40 plays a key role in controlling the reaction pathways.
Scheme 5 Control experiments for mechanism hypothesis
Scheme 6. Proposed mechanism for forming azepinoindoles 4
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On the basis of this experiment, mechanisms for these two domino reactions are proposed as shown in Schemes 6 and 7. In the former, arylglyoxal monohydrates 1 was protonated by pTsOH and occurred dehydration which was followed by addition reaction with electron-rich pyrazol-5-amines 2 leading to 50 intermediate A. 
